The pre-and post-natal ontogeny of Sprague-Dawley rat liver aldehyde dehydrogenase [aldehyde-NAD(P)+ oxidoreductase, EC 1.2.1.5] is described. At no time in its ontogenetic development does normal liver aldehyde dehydrogenase exhibit any of the characteristics of a series of unique aldehyde dehydrogenases that can be isolated from 2-acetamidofluorene-induced rat hepatomas. Enzyme activity is first detectable in 15-day foetal liver and gradually increases throughout pre-and post-natal development until adult activities are attained by day 49 after birth. Electrophoretically, normal aldehyde dehydrogenase, throughout its ontogeny, exists as the same single isoenzyme found in normal adult liver. Isoelectric points for two normal liver isoenzymes demonstrable by isoelectric focusing are pH5.9 and 6.0. The immunochemical properties of aldehyde dehydrogenase during its ontogeny are identical with those of normal adult liver aldehyde dehydrogenase when tested against anti-(hepatoma aldehyde dehydrogenase) serum in Ouchterlony double-diffusion tests. The results indicate that the hepatoma-specific aldehyde dehydrogenases are not the result of the de-repression of genes normally repressed in adult rat liver or in some other adult tissue.
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The pre-and post-natal ontogeny of Sprague-Dawley rat liver aldehyde dehydrogenase [aldehyde-NAD(P)+ oxidoreductase, EC 1.2.1.5] is described. At no time in its ontogenetic development does normal liver aldehyde dehydrogenase exhibit any of the characteristics of a series of unique aldehyde dehydrogenases that can be isolated from 2-acetamidofluorene-induced rat hepatomas. Enzyme activity is first detectable in 15-day foetal liver and gradually increases throughout pre-and post-natal development until adult activities are attained by day 49 after birth. Electrophoretically, normal aldehyde dehydrogenase, throughout its ontogeny, exists as the same single isoenzyme found in normal adult liver. Isoelectric points for two normal liver isoenzymes demonstrable by isoelectric focusing are pH5.9 and 6.0. The immunochemical properties of aldehyde dehydrogenase during its ontogeny are identical with those of normal adult liver aldehyde dehydrogenase when tested against anti-(hepatoma aldehyde dehydrogenase) serum in Ouchterlony double-diffusion tests. The results indicate that the hepatoma-specific aldehyde dehydrogenases are not the result of the de-repression of genes normally repressed in adult rat liver or in some other adult tissue.
Sugimura et al. (1966) , Markert (1968) , Potter (1969) and Uriel (1969) have all suggested that the biochemical and genetic changes occurring during the neoplastic transformation represent the return of transformed cells to a less differentiated and/or foetal state. Each of these hypotheses finds much support in the literature (Weinhouse et al., 1972; Weinhouse, 1973) and are considered by many to be a general phenomenon occurring in hepatomas and perhaps in all tumours (Weinhouse et al., 1972; Weinhouse, 1973) . Feinstein (1975) and Lindahl & Feinstein (1976) (Feinstein, 1975) . Lindahl & Feinstein (1976) have purified and partially characterized the hepatoma-specific aldehyde dehydrogenases. By Vol. 164 using the purified hepatoma isoenzymes as antigen, an antisera against these tumour-specific species has been produced (Lindahl & Feinstein, 1976) . The use of a series of purified hepatoma aldehyde dehydrogenases as antigen resulted in the production of an antisera containing two distinct antibody populations. One of these antibody populations is hepatomaspecific, whereas the other cross-reacts with normal liver aldehyde dehydrogenase.
All 2-acetamidofluorene-induced hepatomas examined to date show the same pattern of new aldehyde dehydrogenase isoenzymes and the same biochemical and immunochemical differences from normal liver aldehyde dehydrogenase. These similarities indicate that the new isoenzymes are not the result of a somatic mutation. Rather, these isoenzymes are the result of either the de-repression of a normally repressed gene(s) and/or the post-translational modification of otherwise normal enzyme species (Lindahl & Feinstein, 1976 Aldehyde dehydrogenase activity was determined quantitatively at 25°C by monitoring the A340 of NADH produced during the oxidation of propionaldehyde in a modification of the previously described assay (Lindahl & Feinstein, 1976) . The reaction mixture contained: 1.Oml of 0.06M-sodium phosphate buffer, pH8.5, 1.Oml of 0.016M-NAD+ or -NADP+, 0.25 ml of 0.1 M-propionaldehyde or a saturated benzaldehyde solution, 10-100.ul of enzyme and water to 3.Oml. Enzyme was added last and the increase in A340 was recorded at 1 min intervals for 5 min. All appropriate corrections for substrate-and enzyme-independent changes in A340 were made. Activities were expressed as munits/mg of protein (1 munit = 1 nmol of NADH produced/min). Protein concentrations were determined by the method of Lowry et al. (1951) , with bovine serum albumin as standard.
Polyacrylamide-gel electrophoresis was performed at 4°C with the Canalco apparatus and reagents (Ames Co., Elkhart, IN, U.S.A.). Gels were stained for aldehyde dehydrogenases as described previously (Lindahl & Feinstein, 1976) . Control gels were stained without added substrate to test for enzyme activity due to endogenous substrates or without coenzyme to test for aldehyde oxidase (Feinstein & Lindahl, 1973) .
Analytical isoelectric focusing in polyacrylamidegel slabs was done with the LKB (Bromma, Sweden) apparatus and methods, and thegel slabs were stained for aldehyde dehydrogenase as described previously . Ouchterlony double-diffusion tests, with rabbit anti-(rat hepatoma aldehyde dehydrogenase) serum as antibody source, were performed as previously described (Lindahl & Feinstein, 1976) .
Results
Aldehyde dehydrogenase activity is first detectable in 15-day foetal liver (Table 1 ). The total detectable activity increases gradually from day 15 to birth (day 22). At birth, the total aldehyde dehydrogenase activity is approx. 20% of the normal adult value. After birth, the total aldehyde dehydrogenase activity continues to increase gradually until day 49, when the total detectable activity has reached the adult value. At weaning (21-23 days post partum) the total aldehyde dehydrogenase activity is 57 % of the normal adult value. No significant change in the rate ofenzyme activity increase is associated with weaning.
The sex of the pup had no effect on the postnatal ontogeny of aldehyde dehydrogenase. The activity of aldehyde dehydrogenase found in 2-acetamidofluorene-induced hepatomas is slightly greater than twice that found in normal Sprague-Dawley rat liver (Table 1) .
Aldehyde dehydrogenase is first detectable by polyacrylamide-gel electrophoresis as a single enzyme species in 17-day foetal liver (Plate 1), As Polyacrylamide-gel electrophoresis offoeta: rat liver aldehyde dehydrogenase Gels were electrophoresed at 1.25mA/gel for 90min and stained for aldehyde dehydrogenase with propionaldehyde as substrate. The arrow indicates true aldehyde dehydrogenase in normal adult liver (N) and foetal liver (16 f-22f day). All other bands in these gels appear in the absence of added aldehyde substrate and represent aldehyde-independent activity (Feinstein, 1975 (Feinstein, 1975 (Fig. 1) . Qualitatively, normal liver aldehyde dehydrogenase is resolvable into two isoenzymes with p15.9 and 6.0. The hepatoma aldehyde dehydrogenases are again both quantitatively and qualitatively different from the normal isoenzymes. The hepatoma aldehyde de- hydrogenases are resolvable into a series of intensely staining enzymic species at p16.8 to 7.2 (Fig. 1) .
As described previously (Lindahl & Feinstein, 1976) , antisera prepared in rabbits against purified hepatoma-specific aldehyde dehydrogenase crossreacts with adult normal liver aldehyde dehydrogenase. When the anti-(hepatoma aldehyde dehydrogenase) serum is used as antibody source in immunodiffusion experiments using aldehyde dehydrogenase from livers of various foetal and early postnatal ages as antigen, a single precipitin band, identical with that obtained with adult normal liver, is observed (Plate 3). In foetal liver the precipitin band is first detectable at day 16, although a strong band is first formed with day-18 foetal liver. The precipitin band is not formed in pre-16-day foetal liver or whole foetuses. This band remains the only precipitin band detectable throughout later foetal and postnatal development, as well as in adult liver. When hepatoma is used as the source of antigen, two precipitin bands are formed. One band is continuous with the single band formed in normal adult, foetal or early postnatal liver. The other band is found only in hepatoma preparations and shows no identity with any antigen in any normal liver preparation (Plate 3).
Discussion
Both quantitative and qualitative differences in the enzymic complement of the liver as a result of the neoplastic transformation are well known (Weinhouse et al., 1972; Schapira, 1973; Weinhouse, 1973) . The quantitative changes may be represented as either an increase or a decrease in total enzyme activity. The majority of the qualitative modifications appear as an altered expression of enzymes that exist as multiple molecular forms; i.e. as isoenzymes. In many cases, these qualitative modifications of isoenzyme pattern are the result of expression of isoenzymes of a particular enzyme not found in normal adult liver, but commonly expressed foetal and/or neonatal liver (Weinhouse et al., 1972; Schapira, 1973; Weinhouse, 1973) . Several isoenzyme systems also exist in which new isoenzymes patterns expressed in hepatomas are not characteristic of normal adult liver, but are characteristic of the normal adult pattern of some other tissues (Weinhouse et al., 1972; Schapira, 1973; Weinhouse, 1973) . Moreover, the deviation of the isoenzyme patterns from normal appear to be well correlated with the growth rate and degree of deviation from normal liver morphology. Rapidly growing poorly differentiated tumours show the greatest deviation from normal in their isoenzyme patterns. Slowly growing highly differentiated tumours appear more normal with respect to isoenzyme patterns (Weinhouse et al., 1972; Weinhouse, 1973) .
The vast majority of these enzyme-alteration studies have utilized the series ofhepatomas developed by Morris (1963 Morris ( , 1965 and carried by serial transplantation in Buffalo rats. None of these tumours was originally induced by 2-acetamidofluorene, and studies of the biochemical changes that occur in hepatomas induced by this aromatic amine are generally lacking. Changes in the total non-histone chromosomal protein fraction of hepatocellular carcinomas induced by 2-acetamidofluorene have been described by Becker (1976) . Almost every tumour studied by Becker (1976) has appeared to possess its own unique pattern of qualitative nonhistone chromosomal protein changes. Berg & Christofferson (1974) Pikkarainen (1971) , that the total aldehyde dehydrogenase activity gradually increases during development. More importantly, however, the results reported here indicate that at no time during its ontogenetic development does Sprague-Dawley normal rat liver aldehyde dehydrogenase, by any criteria used, appear identical with or even similar to hepatoma-specific aldehyde dehydrogenase.
In addition to the fact that the hepatoma-specific aldehyde dehydrogenases are not foetal liver aldehyde dehydrogenase, the hepatoma isoenzymes are not the result of de-repression of genes normally expressed in some other adult tissue (Lindahl & Feinstein, 1976) . Brain is the only other adult rat tissue that possesses significant aldehyde dehydrogenase activity and it has previously been demonstrated that the hepatoma-specific aldehyde dehydrogenases are not identical with or similar to brain aldehyde dehydrogenase (Lindahl & Feinstein, 1976) . Moreover, no hepatoma-specific aldehyde dehydrogenases are detectable during liver regeneration after partial hepatectomy (Feinstein, 1975) . Also, many of the phenotypic changes that occur during neoplasia also occur in other pathological conditions (Schapira et al., 1975) ; the hepatoma aldehyde dehydrogenases are expressed only after exposure of the liver to carcinogen (Feinstein, 1975; . Finally, in contrast with most other phenotypic modifications during the neoplastic transformation, neither the total aldehyde dehydrogenase activity nor isoenzyme-pattern changes are correlated with the degree of deviation from normal liver morphology that any tumour expresses (Feinstein, 1975; .
However, as with most phenotypic isoenzyme changes that resemble the foetal condition, the hepatoma-specific aldehyde dehydrogenases are detectable before a tumour is histologically identifiable . In addition, at least three chemical carcinogens, 2-acetamidofluorene, 4-dimethylaminoazobenzene and ethionine, appear capable of causing expression of the hepatoma-specific aldehyde dehydrogenase phenotype .
The totality of observations of the aldehyde dehydrogenase phenotype expressed in 2-acetamidofluorene-or 4-dimethylaminoazobenzene-induced hepatomas indicate that if carcinogen-induced gene de-repression is responsible, wholly or in part, for the tumour-specific aldehyde dehydrogenase phenotype, the newly de-repressed gene(s) are not those normally expressed during pre-or post-natal liver development or in some other normal adult tissue. have proposed that the hepatoma-specific aldehyde dehydrogenase phenotype is the result of de-repression of an 'archeogene'. Whether this suggestion is a viable one will first require the demonstration that the new aldehyde dehydrogenases are not the result of post-translational modification of normal liver aldehyde dehydrogenase owing to carcinogen-induced alterations in another component(s) of the hepatic metabolic machinery.
